Abstract
Introduction
Atherosclerosis is, at least in part, an inflammatory process involving the infiltration of the circulating leukocyte subtype into the vessel wall [1] . Leukocyte adhesion to the vascular endothelium and subsequent transendothelial migration play essential roles in the pathogenesis of cardiovascular diseases such as atherosclerosis [2] . Several epidemiologic studies have reported that an increased leukocyte subtype count is a strong independent risk factor for cardiovascular (CV) events [3, 4] . An increased leukocyte subtype count is an independent risk factor for the prevalence and progression of subclinical carotid atherosclerosis [5] [6] [7] [8] [9] [10] [11] . However, Kuo et al. [12] reported no association between total leukocyte count and IMT in asymptomatic subjects.
The different parameters used to assess vascular structure and function are related to the risk of cardiovascular morbidity and mortality. Similarly, ultrasound examination of the carotid arteries with the measurement of intima media thickness (IMT) or the presence of plaques has been shown to predict the occurrence of both stroke and myocardial infarction, independently of traditional CV risk factors [13, 14] . The pulse wave velocity (PWV) has been associated with increased morbidity-mortality in both patients with cardiovascular disease and in healthy individuals [15, 16] . The central augmentation index (CAIx) is an independent predictor of all-cause and CV mortality [17] . The Cardio-Ankle vascular index (CAVI) is also used to evaluate arterial stiffness and can be used to estimate the risk of atherosclerosis. This parameter is independent of arterial pressure at measuring time [18, 19] .
The association between leukocyte subtype counts and vascular structure and function in patients with intermediate risk has not been determined.
Moreover, there are differences in the measures used to assess the arterial stiffness according to gender [20] , and discrepancies in the behavior of different measures are currently not completely resolved [21] .
In patients with intermediate risk, it is important to analyze new cardiovascular risk factors and the association between them for personalized risk stratification [22] .
Currently, many studies that analyze new techniques or biomarkers to improve risk estimation based on scales have focused on the population with intermediate cardiovascular risk [3, 23, 24] .
Therefore, we investigated the relationship between leukocyte subtype counts and vascular structure and function based on carotid intima-media thickness, pulse wave velocity, central augmentation index and cardio-ankle vascular index in intermediate risk patients.
Methods

Study Design
This is a cross-sectional study to evaluate if ankle-brachial index (ABI), measures of arterial stiffness (CAVI), postprandial glucose, glycosylated hemoglobin, self-measured blood pressure and presence of comorbidity are independently associated to incidence of vascular events and whether they can improve the predictive capacity of current risk equations in the intermediate risk population. The second step will be a following of 5 and 10 years to evaluate cardiovascular morbidity and mortality. This study analyzed 500 subjects who were included at the baseline of MARK study (NCT01428934) [25] .
Study Population
The population comprised individuals aged between 35 to 74 years who had intermediate cardiovascular risk, which was defined as coronary risk between 5% -15% at 10 years according to the Framingham adapted risk equation (REGICOR) [26] or vascular mortality risk between 2-5% at 10 years according to the SCORE equation [27] . The exclusion criteria were terminal illness, institutionalization at the appointment time, or a personal history of atherosclerotic disease. Sample selection was done with a random sample from the population aged 35 to 74 (both included) who had an intermediate cardiovascular risk. Recruitment and data collection for the study were carried out from July 2011to June 2013. A sample-size calculation indicated that the 500 patients included in the study constituted a sufficient sample for detecting a correlation coefficient of 0.125 between leukocyte subtype counts and IMT in a two sided test, with a level of significance of 95% (alfa risk 0.05) and a power of 80% (beta risk 0.20). We have used the EPIDAT 4.0 software to perform this estimation. The study was approved by an independent ethics committee of Salamanca University Hospital (Spain), and all participants gave written informed consent according to the general recommendations of the Declaration of Helsinki [28] .
Measurements
A detailed description has been published elsewhere regarding how the clinical data, anthropometric measurements, and analytical parameters were obtained [25] .
Laboratory determinations
Venous blood sampling was performed between 08:00 and 09:00 after the individuals had fasted and abstained from smoking and the consumption of alcohol and caffeinated beverages for the previous 12 hours. Fasting plasma glucose, serum total cholesterol and high-density lipoprotein (HDL) cholesterol concentrations were measured using standard enzymatic automated methods. Low-density lipoprotein (LDL) cholesterol was estimated by the Friedewald equation when the direct parameter was not available. Non-HDL cholesterol was estimated by the equation (Non-HDL Cholesterol = Total Cholesterol-HDL Cholesterol). Blood samples were collected in the Alamedilla Health Center and analyzed at the hospital of Salamanca, which was approved by the external quality assurance programs of the Spanish Society of Clinical Chemistry and Molecular Pathology.
Office blood pressure
Office blood pressure (BP) was calculated as the average of the last two of three measurements of systolic blood pressure (SBP) and diastolic blood pressure (DBP) made with a validated sphygmomanometer (OMRON Model M10-IT). Measurements were made on the dominant arm of participants in the seated position after at least 5 minutes of rest, with a cuff of appropriate size as determined by measurement of the upper arm circumference and following the recommendations of the European Society of Hypertension [29] .
Central augmentation index (CAIx)
This parameter was estimated using an oscillometric Mobil-O-Graph (Stolberg, Germany) [30] . The device was validated according to British Hypertension Society [31] and European Society of Hypertension [32] recommendations. The measurements of central systolic blood pressure (cSBP) and peripheral systolic blood pressure (pSBP) were also taken on the dominant arm. Arm circumferences were measured and recorded to allow the correct choice of cuff size (two sizes available: 24-34 and 32-42 cm). With a conventional cuff, the determination of the cSBP is based on an oscillometric BP measurement and uses the pulse waves assessed at the brachial artery. After the estimation of peripheral BPs, the cuff instantly reinflates, and recordings for cSBP are carried out at diastolic pressure levels for 10 sec [33, 34] . From the morphology of the aortic wave, CAIx was estimated using the following formula: increase in central pressure ×100/pulse pressure. The value was adjusted to a heart rate of 75 by the Mobil-O-Graph device.
Cardio Ankle Vascular Index (CAVI) and brachial ankle Pulse Wave Velocity (ba-PWV)
CAVI was measured using a Vasera VS-1500 device (Fukuda Denshi) and ba-PWV estimated by validate equation. The ba-PWV and CAVI were calculated to give a more accurate calculation of the degree of atherosclerosis. CAVI integrates cardiovascular elasticity derived from the aorta to the ankle pulse velocity through an oscillometric method. Takaki et al. [35] provided the evidence for the validity of CAVI by showing a positive correlation between the stiffness parameter β of the aorta and CAVI (r = 0.67, p <0.01). The measurement of CAVI not affected by the increase in BP during measurement [18, 19, 36, 37] , CAVI values were automatically calculated by substituting the stiffness parameter β in the following equation to detect the vascular elasticity and the cardio-ankle PWV: Stiffness parameter β = 2ρ x 1/ (Ps-Pd) x ln (Ps/Pd) x PWV 2 , where ρ is the blood density, Ps and Pd are SBP and DBP in mmHg, and PWV is measured between the aortic valve and ankle. The average coefficient of variation of the CAVI is less than 5%, which is small enough for clinical use and confirms that CAVI has favorable reproducibility [18, 38] . CAVI was measured at rest. CAVI was classified as normal (CAVI < 8), borderline (CAVI 8 and < 9) and abnormal (CAVI 9). Abnormal CAVI represents subclinical atherosclerosis. ba-PWV 17.5 m/sec was considered abnormal [39, 40] . For the study, the higher obtained CAVI and ba-PWV were considered.
Assessment of vascular structure by carotid intima media thickness (IMT)
Carotid ultrasound was performed to assess carotid IMT by two investigators trained for this purpose before starting the study. The reliability of the recordings was evaluated before the study using the intra-class correlation coefficient, which showed values of 0.97 (95% CI: 0.94 to 0.99) for intra-observer agreement in repeated measurements of 20 subjects, and 0.90 (95% CI: 0.74 to 0.96) for inter-observer agreement. According to the Bland-Altman analysis, the mean difference for inter-observer agreement (95% limits of agreement) was 0.01 (-0.03 to 0.06). A Sonosite Micromax ultrasound device paired with a 5-10 MHz multi-frequency high-resolution linear transducer with Sonocal software was used for performing automatic measurements of IMT in order to optimize reproducibility. Measurements were made of the common carotid after the examination of a 10 mm longitudinal section at a distance of 1 cm from the bifurcation, performing measurements in the anterior and in the posterior wall, in the lateral, anterior and posterior projections, following an axis perpendicular to the artery to discriminate two lines: one for the intima-blood interface and the other for the media-adventitious interface. A total of 6 measurements of the right carotid were obtained, with another 6 measurements of the left carotid, using average values (average mean IMT and average maximum IMT) automatically calculated by the software [41] . The measurements were obtained with the subject lying down, with the head extended and slightly turned opposite to the examined carotid artery. Average mean IMT was considered abnormal if > 0.90 mm or if there were atherosclerotic plaques with a diameter of 1.5 mm or a focal increase of 0.5 mm or 50% of the adjacent IMT [42] .
Anthropometric measurements
Body weight was determined on two occasions using a homologated electronic scale (Seca 770) following calibration (precision ± 0.1 kg), with the patient wearing light clothing and no shoes. Height in turn was measured with a portable system (Seca 222), recording the average of two readings. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). A value of > 30 kg/m 2 was taken to define obesity. The individuals performing the different tests were blinded to the clinical data of the patient. All assessments were made within a period of 10 days.
Statistical Analysis
Continuous variables were expressed as the mean ± standard deviation for normally distributed continuous data, the median (interquartile range, IQR) for asymmetrically distributed continuous data, and the frequency distribution for categorical data. Statistical normality was tested using the Kolmogorov-Smirnov test. A Spearman's correlation was used to analyze the relationship between asymmetrically distributed continuous data. The difference of means between two categories of quantitative variables for asymmetrically distributed continuous data was analyzed using the Mann-Whitney U test. The difference of means between more than two categories of quantitative variables for symmetrically distributed continuous data was analyzed using the Anova test. We performed multiple linear regression analyses, one for each of the dependent variables, with IMT mean (x 100) and CAIx (x 10) to facilitate interpretation, ba-PWV and CAVI as dependent variables and total leukocyte count (/mm 3 ), monocyte count (/mm 3 ), neutrophil count (/mm 3 ) and lymphocyte count (/mm 3 ) as independent variables. We adjusted by age, systolic blood pressure, non-HDL cholesterol, fasting glucose, body mass index, number of cigarettes smoked, and antihypertensive, lipid-lowering and antidiabetic drugs. Comparisons between three or more groups were performed using ANOVA and differences between groups were assessed using DMS post hoc test. The data were analyzed using the Statistical Package for the Social Sciences version 20.0 (SPSS, Chicago, IL, USA). A value of p<0.05 was considered statistically significant.
Results
The characteristics of the study subjects, global and by gender, are shown in Table 1 . The mean age was 60.3 ± 8.4 years, and 45.6% of the subjects were women. IMT and PWV had higher values in men, and CAIx was higher in women (p<0.01). The total leukocyte, monocyte and neutrophil counts were higher in men. Table 2 shows the values of the total leukocyte, monocyte, neutrophil and lymphocyte counts according to the target organ damage of IMT, ba-PWV and CAVI. There was a greater total leukocyte count and in all series in subjects with pathologic IMT. Fig. 1 shows the values of the IMT by neutrophil count tertiles and the CAIx by monocyte count tertiles.
The total leukocyte, neutrophil and monocyte counts were positively correlated with mean average IMT (p<0.01) in men. The monocyte count was positively correlated with CAIx in women (r = 0.212; p<0.01) ( Table 3 ). Simple linear regressions in Fig. 2 .
A multiple linear regression analysis by gender was carried out (Table 4) . After adjusting for age, systolic blood pressure, non-HDL cholesterol, fasting glucose, body mass index, number of cigarettes smoked, antihypertensive drugs, lipid-lowering drugs and antidiabetic drugs, the mean IMT maintained a positive association with the neutrophil count (β = 1.500; p = 0.007) in men. CAIx maintained a positive association with the monocyte count (β = 2.445; p = 0.022) in women.
Discussion
The results of this study suggest that the relationship between subtype circulating leukocyte counts and vascular structure and function, although small, may be different by gender. The monocyte count was positively association with CAIx in women, and the neutrophil count was with IMT in men in a large sample of intermediate cardiovascular risk patients. Several studies have demonstrated that neutrophils have an important role in the atherosclerosis development in the general population [10, 43] and in men [7] . The monocytes are correlated with the IMT in healthy subjects [5, 11] and in Japanese subjects with type 2 diabetes [4] .
The results of this study are consistent with those previously disclosed and add new information. According to our results, this correlation is observed only in men, and suggest that the role of neutrophils may be more important than monocytes when IMT is increased in men with mid-level cardiovascular risk. Our results support the paper published by Li et al. [44] , who found a relation only in men between a high number of leucocytes and a high incidence rate of cardio vascular diseases, but not with stroke. In summary, the leukocytes seem to have an independent role in early arterial damage and they may reflect subclinical disease in men.
As far as we know, this is the first study that describes a positive association between monocytes and CAIx in women. The assessment of CAIx is a simple approach to quantify the role of wave reflection in determining an elevation of central blood pressure values [16, 45] . This relationship between CAIx and monocytes in women opens new lines of research.
The differences found between the two genders may be due to several factors. First, IMT is higher in men, while CAIx is higher in women. The influence of sex steroids on vascular function has been demonstrated in association with hormonal changes throughout the lifespan (puberty in both genders and menopause in females) [20, 46] . Furthermore, anthropometric factors such as distribution of body fat [47] , height, and aortic length are different between men and women [20, 48, 49] . Finally, the role of inflammatory components in the development of atherosclerosis is likely to differ according to gender. Thus, in a study conducted by our group in hypertensive patients, we found that hs-CRP has a positive association with IMT in men and a negative association with CAIx in women [50] . This result suggests that gender differences in cardiovascular outcomes may be mediated in part via gender differences in artery wall properties throughout life and that further understanding may lead to improved strategies for the prevention of cardiovascular diseases in both women and men.
The relation between the ba-PWV with the leukocyte subtype counts is not clear. In the same line as our results, Kavousiet al. [4] found that ba-PWV was not correlated with monocyte count, whereas Phillips et al. [11] found that leukocyte count (β = 0.07; p < 0.001) and granulocyte number (β = 0.07; p < 0.001) were significantly positively related to ba-PWV in a Chinese population, but not lymphocyte number. Bearing in mind these opposite results, it is considered as necessary to carry out more prospective studies in order to elucidate the association between ba-PWV and leukocyte subtype counts and the differences that could be observed in each gender.
The only study that has been found that analyzed the relationship between subtype circulating leukocyte counts with CAVI in 3738 Japanese people in the general population showed that the leukocyte counts weakly correlated with CAVI in men (β = 0.61; p = 0.043), but not in women (β = 0.35; p = 0.17) [51] . Our study has not shown any correlation between the leukocyte counts or their subtypes with the CAVI in neither men nor women.
Limitations
This study has several limitations what should be considered in the interpretation of our results. Because this was a cross-sectional, observational study, which prevented us from Leukocyte Counts and Vascular Structure and Function establishing a temporal relationship between the circulating leukocyte subtype counts and the different parameters used to assess vascular function and structure and not allow us to establish a causal relationship. Some subjects were on treatment with antihypertensive or lipid lowering drugs, which might have affected the arterial stiffness measures. However, we adjusted for antihypertensive, lipid lowering and antidiabetic drugs. Finally, the correlations were small and need to be confirmed in longitudinal studios the clinical importance of them. However, this is the first study to examine the relationship between the circulating leukocyte subtype counts and different vascular structure and function parameters in intermediate-risk patients.
Conclusions
The results of this study suggest that the relationship between subtype circulating leukocyte counts and vascular structure and function, although small, may be different by gender. In men, the neutrophil count was positively correlated with IMT and in women, the monocyte count with CAIx, in a large sample of intermediate-risk patients. These association were maintained after adjusting for age and other confounders. Further research involving prospective studies are required to define the role of these leukocyte subtype counts in the vascular structure and function. In addition, possible gender-specific roles of leukocyte subtype counts remain to be elucidated. 
